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ABSTRACT 

We present time-series photometry of 11 hypervelocity stars (HVSs) to constrain their nature. 
Known HVSs are mostly late-B spectral type objects that may be either main-sequence (MS) or 
evolved blue horizontal branch (BHB) stars. Fortunately, MS stars at these effective temperatures, 
Teff ~ 12,000 K, are good candidates for being a class of variable stars known as slowly pulsating 
B stars (SPBs). We obtained photometry on four nights at the WIY1N0 3.5 m telescope, and on six 
nights on the 2.4 m Hiltner telescope. Using sinusoidal fits, we constrain four of our targets to have 
periods between P ~ 0.2 — 2 days, with a mean value of 0.6 days. Our amplitudes vary between 
A = 0.5 — 3%. This suggests that these four HVSs are SPBs. We discuss a possible origin for these 
stars, and why further observations are necessary. 

Subject headings: Galaxy: center — Galaxy: halo — Galaxy: kinematics and dynamics 
— stars: individual(SDSS J090744.99-l-024506.88, SDSS J091301.01-F305119.83, 
SDSS J091759.47-h672238.35, SDSS J113312. 12-^010824.87, SDSS J105248.30- 
000133.94) 



1. INTRODUCTION 



IHillsl ()1988[ ) theorized that a binary star sys- 
tem disrupted by a massive black hole (MBH) 
could result in the unbound eje ct ion o f one com- 
ponent as a HVS. iBrown et al.l (|2005[ ) discovered 
the first HVS in the Galactic halo, and cur- 
rently over 20 HVSs have been identified in the 
Milky Way (lEdelmann et al.l [20 05*: 'Hir sch et al.l [20051: 
Brown et al.l l2006al : IBrow n et al.. ,2006b : Brown et al.l 



20071: IBrown et al.r 2009: B rown et al.ri2012b[ ). Due to 



their large distances, the nature of the HVSs can be dif- 
ficult to determine. One useful technique is time-series 
photometry, however before this paper only HVSl had 
been thus observed (jFuentes et al.ii2066L hereafter F06). 
This paper present the results of time-series photometry 
for 11 HVSs. 

The Milky Way houses Sgr A*, a massive black hole 
(MBH) of 4 X 10^ (e g. IGhez et al.l 120051: 

IGhez et all (20081 : IGillessen et al.ll2009aD . In Hih's sce- 
nario, HVSs are a natural consequence of a binary star 
system interacting with this MBH. However, a number 
of different mechanisms have been proposed to produce 
HVSs, incl uding the inspiral of a n intermediate-mas s 
black hole (|Yu fc Tremaind [200l iSesana et all [20091) 
the disruption of a tri ple-star system (Perets '2009b'; 
iGinsburg &: Peret^l2011[ ). and interactions between stars 
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and stellar-mass black holes ([O'Learv fc Loebl [20081) . 
Observational and theoretical evidence point to the Hill's 
mechanism as the most likely source for these HVSs (e.g. 
Ginsburg fc Loeb 2 006: Perots 2009a; Brown et al. 201(| 
Brown et al I [2012aD . Simulations show that when a HVS 



is produced, the companion is left in a highly eccentric 
orbit around Sgr A*. This agrees with the known or- 
bits of a number of stars obs erved orbiting wit hin 1" 
of Sgr A* (e.g. Schodefet alj! 20031 : IGhez et al.l [20051. 
thereby suggesting that some of the stars nearest Sgr 
A* (so-called S -stars), arc former companions to HVSs 
([Ginsburg fc Lo eb 2006). Simulations further show that 
a binary star system disrupted by the MBH may result 
in a collision between the two stars, and if the coUi- 
sional velocity is small enough the system may coalesce 
(jGinsburg fc Loe b 2007; Antonini et al. 2011). HVSs 
may also be used to probe the shape of the Galactic halo 
Gnedin et aIll2005D. and they may even house planets 



Ginsburg et al.ll2012D . 



Consequently, HVSs offer a wealth of knowledge, and 
it is important to understand their nature. One diffi- 
culty is that HVSs may be MS or evolved BHB stars. 
Known HVSs are late-B spectral type objects, and MS 
and BHB stars at this T^eff ~ 12, 000 K have very sim- 
ilar surface gravities. Depending on their nature, the 
intrinsic luminosity of an observed HVS may differ by 
a factor of ~ 4 and consequently the estimated dis- 
tances to the HVS may differ by a factor of 2. The 
ages may also differ by as much as an order of mag- 
nitude. Using the presen t-day stellar mass function, 
iDemarque fc Viranil (|2007f ) argue that HVSs are most 
likely evolved low-mass stars. However, echelle spectro- 
scopic obse rvations indicate that HVS3 is a MS B star of 
M ~ 9 Mfn (Edclma nn et al.ll2005t [Przvbilla et "al[l2008al : 
IBonanos et al.,.2008h while HVS5. HVS7 and HyS8 are 
MS stars of M ~ 3.5 MfT^each (IBrown et all l2012al : 

20081) . 



iPrzvbilla et al.ll2008bl: iLopez-Morales fc BonanosI 



The remaining HVSs are too faint to be studied with 
echelle spectroscopy with existing telescopes. However, 
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the effective temperature of HVSs makes them candi- 
dates for being SPBs. SPBs were first introduced by 
iWaelkensI ()199lD who found seven intermediate B-type 
stars with photometric variations of a few miUimagni- 
tudes (mmag) and periods of 1 day. This variabil- 
ity is due to g-mode pulsations, w hich are believed to 
be dr i ven by the K-mechanism (e.g. iDziembowski et al.l 
[1991 IGautschv fc Saiol [l995h . Observed SPBs have 
periods 0.5-4 days, spectral range between B2 and 
B9, masses 3-7 Mc^, , and T, f f = 12,000-18,000 K 
dWaclkcns 199lt iWaelkens et alJ[l99l IGautschv fc Saiol 
119961: iDe Cat fc Aert!j l2002'). Furthermore, all SPBs are 
observed to be slow rot ators although why this is the c ase 
is not well understood (jUshomirskv fc BildstenlfT998l) . 

BHB stars are bluewards of the RR Lyrae instability 
strip and are not ob served to pulsate (jGontreras et al.l 
120051: iCatelanI [20091 ). Consequently, the detection of 
mmag variability with a period of ~ 1 day is indicative 
of a SPB, and are the two observable properties we are 
seeking. F06 found a p eriod for HVSl con sistent with 
that of a SPB. However. [Turner et al.l (|2009[) argue that 
the observed decrease in brightness of HVSl may be due 
to extinction. 

To check for variability we took time-series photom- 
etry of 11 HVSs over the course of four nights on the 
WIYN 3.5 m telescope and follow-up observations over 
the course of six more nights on the Hiltner 2.4 m tele- 
scope. In §2 we discuss our observations. In §3 we discuss 
our analysis. We conclude our results in §4. 

2. OBSERVATIONS 

2.1. WIYN Observations 

The first set of observations were taken the nights of 
2012 February 2 3 - 26 with the Mini-Mosaic Imager 
(jSaha et al.ll2000t ) at the 3.5 m WIYN telescope at Kitt 
Peak National Observatory. All observations were in the 
SDSS g-band, and the results are summarized in Table 
[TJ The Mini-Mosaic Imager has a field of view of 9.6' x 
9.6' with 0.141 arcsec pixel"^. Our goal was to detect 
photometric variability to within a few percent ampli- 
tude. In order to obtain enough photon statistics, faint 
objects such as HVSl required longer exposure times, 
up to 1200 s, while brighter objects such as HVS5 had 
exposure times as short as 300 s. This provided high 
signal-to-noise ratio (S/N) ^ 100 — 200. We measured 
the photometry differentially using nearby stars of sim- 
ilar colors to within ^ 0.6 mag in {g — r), i dentified by 
Sloan Digital Sky Survey photometry (SDSS; lYork et all 
2000f). Th e raw images were reduced in IRAjQ (see 
IbdAl[l99l using ccdproc . Photometry was analyzed us- 
ing package DAOPHOT (|Stetsonlll98"7l) and SExtractor 
(jBertin fc ArnoutsI [19961 ). 

2.2. MDM Observations 

The second set of observations were taken the nights 
of 2012 May 11 - 16 with the 4K imager at the 2.4 m 
Hiltner telescope at the MDM Observatory. All obser- 
vations were in the Johnson i?-band, and the results are 

Imaging Reduction and Analysis Facilities (IRAF) is dis- 
tributed by the National Optical Astronomy Observatories which 
are operated by the Association of Universities for Research in As- 
tronomy (AURA) under cooperative agreement with the National 
Science Foundation. 



TABLE 1 

Summary of Observations 



Star 


WIYN Images 


Variable? 


MDM Images 


HVSl 


12 


Yes 


6 


HVS4 


10 


Yes 


6 


HVSS 


12 


Yes 


13 


HVS6 


8 


No 




HVS7 


8 


Yes 


12 


HVSS 


8 


No 




HVS9 


8 


No 




HVSIO 


8 


No 




HVSll 


7 


No 




HVS12 


7 


No 




HVS13 


7 


Yes 


6 



Note. — The leftmost column is the target, followed 
by the number of exposures taken with the WIYN 3.5 m 
telescope (column 2), whether the data show any vari- 
ability (column 3), and the number of exposures taken in 
follow-up observations done with the Hiltner 2.4 m tele- 
scope (column 4). 

summarized in Table [T] Conversion between B and q 
is fflv^n in. a number of papers (e.g. iJester et al.[|200a 
iKaraah et all [20051 Since we chose the standards and 
targets to have similar colors to within ~ 0.6 mag in 
{g — r), any systematic differences will be minimal and 
have no affect on our overall results. The 4K imager has 
a field of view of 21.3' x 21.3' with 0.315 arcsec pixel"^. 
We concentrated on the five HVSs that based upon our 
first observations appeared to be variable (in Table [Ij . 
The MDM data have significantly lower precision since 
most of our targets set early in May and the higher air- 
masses led to poorer seeing. We reduced our 4K data 
using software pipeline developed by Jason Eastmarj^. 
We then analyzed our photometry in the same manner 
as that of our first set of observations. 

Our errors are limited by photon statistics. Typical 
errors for our measurement with the WIYN are ^ 0.5%. 
The Hiltner data are substantially poorer with errors 
^ 3% or larger. These large errors do not offer additional 
constraints on the HVSs, and thus are omitted from the 
calculations. Nevertheless the Hiltner measurements do 
provide a consistency check for our WIYN data, and we 
discuss them in more detail with regards to HVS5 and 
HVS7. We take 0.01 mag as the threshold for a signifi- 
cant detection of variability. 

3. RESULTS 

Of the 11 HVSs observed using the WIYN 3.5 m tele- 
scope, we find three HVSs with significant variability, one 
HVS with possible variability, and HVS5 is ambiguous. 
In all cases the period of variability is consistent with 
that of SPBs (see Table [5]). For each star, we fit our 
data to the model 

y = Asm [27r/i, + (/)]. (1) 

where A is the amplitude, / the frequency, and (j) our 
phase at time ti. We consider periods in the range 
3 < P < 120 hours. Periods shorter than three hours 
are not meaningful, since our observations for each HVS 
were taken no less than a few hours apart. Similarly, the 
period must be less than five days since our observing 

^ http:/ /www. astronomy.ohio-state.edu/~jdeast/4k/proc4k. pro 
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program on the WIYN was a total of 4 nights. We con- 
strain the amphtude to be 0.005 < A < 0.05 which is 
consistent with our errors. We plot versus frequency 
for the five H VSs that show e d pos sible variability. 

As noted bv lTurner et al.l (j2009 ^. atmospheric extinc- 
tion diminishes the brightness of blue stars more than 
that of red stars. For our differential photometry we 
choose stars with similar color to within ^ 0.6 mag in 
(g — r) of our target HVSs. We examined the dependence 
of our observations on airmass and observed a nearly 
zero mag deviation in relative photometry for all targets 
except HVSl which showed a very slight slope. Conse- 
quently, a comparison star of redder color would produce 
a significant difference in relative photometry (see Figure 

HVSl with Significant Extinction 



S 
<I 



Airmass 
HVSl with Little Extinction 



where / is our function and i>i and 1^2 are the 
degrees of freedom corres ponding to Xi and xi 
(|Bevington fc Robinson|[2003l ) . We calculate Xi for y = 
and compare it with X2 obtained by fitting our best fit 
values into equation 1. Our results are summarized in 
Table [5J In the following, we give notes on the individ- 
ual stars. Error bars for the period and amplitude were 
obtained using Monte Carlo methods and then calculat- 
ing the RMS. 

3.1. HVSl 

Before our measurements, HVSl was the only HVS 
with time-series photometry. F06 carried out their ob- 
servations over two nights with the 6.5 m telescope on 
the MMT followed by four nights with the 1.2 m tele- 
scope at FLWO. They obtained both g and r-band im- 
ages. Although they found no variability in the r-band, 
they did find significant variability in the g-band. When 
comparing results, we find that our best fit amplitude of 
A = 0.02878 ± 0.00156 mag agrees well with F06 who 
found A = 0.0280 ± 0.0033 mag. If we calculate our dif- 
ferential photometry using a star with g — r significantly 
larger than HVSl (see the top panel of Figured]) we find 
a best fit period of P = 0.34567 days which agrees to 
within 3% with F06 who found P — 0.355 days. How- 
ever, if atmospheric extinction is taken into account and 
we use a star with g — r closer to that of HVSl (see the 
bottom panel of Figure [T|), our most significant period is 
P = 0.72738 ± 0.00767 days. Note that P - 0.35 days is 
our second most significant period given our data. Fig- 
ure [2] shows our relative photometry for HVSl and our 
periodogram. Our Xmin — 45-5 for 10 degrees of freedom. 
Figure [3] shows our best fit model with our WIYN data 
folded about our best fit period. Our F-test resulted in 
a value of 0.0825 which has significance at the 1.6-sigma 
level. 



g 
< 



Airmass 

Fig. 1. — The effect of airmass on observations is demonstrated 
here. Straight hnes are best fits to the data. Note that HVSl 
has g — r = -0.2391. Top: relative photometry of HVSl ver- 
sus airmass for a star with g — r = 0.6907. Extinction pro- 
duces a systematic difference in relative photometry of ~ 0.05 
mag. Bottom: relative photometry of HVSl versus airmass for 
a star with g — r = 0.2673. Extinction produces a system- 
atic difference in relative photometry of < 0.01 mag. Note that 
for our other targets, the systematic difference was significantly 
less than 0.01 mag. The color values were retrieved from SDSS 
(http: / /skyserver. sdss3.org/DR8/en/tools/search/IQS. asp) 

In order to determine the significance of our detections, 
we looked at a few goodness of fit tests. The x^ distribu- 
tion is useful, but can be ambiguous. However, the well 
known F-test looks at two populations according to the 
F distribution given by 



F 



XIIV2 



(2) 



3.2. EVSJt 

We find a best fit period of P ^ 0.18212 ± 0.00057 
days. However, there are strong aliases ranging from 
P ~ 0.15 - 2 days. Our best fit amplitude is ^ 0.00672 
±0.00064 mag. Our x^^in = 12.5 for 7 degrees of freedom. 
Figure|3]shows our relative photometry for HVS4 and our 
periodogram. Figure [5] shows our best fit model with our 
WIYN data folded about our best fit period. Our P-test 
resulted in probability of 0.0463 which is significant at 
the two-sigma level. 

3.3. HVS5: An Ambiguous Object 

HVS5 is the least constrained target. The variability 
suggests that HVS5 may be a SPB star, however our P- 
test gave a probability of 0.1225 which is significant to 
only 1.2-sigma. Therefore, we can not claim a detection 
for HVS5. Figure [H] shows our relative photometry for 
HVS5 and our periodogram. Our data from the Hiltner 
telescope correlated well with our data form the WIYN 
telescope, however the large errors 2-3%) do not offer 
any additional constraints on the variability of HVS5, 
and are only shown for completeness. We find a best fit 
period of P = 0.53362 ±0.00666 days, with strong aliases 
at P = 0.337 and 1.031 days. Our best fit amplitude is A 
= 0.00538 ±0.00031 mag. Our xL« = 39.0 for 9 degrees 
of freedom. Figure [7] shows our best fit model with our 
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Fig. 2.— Results for HVSl. Top: relative photometry of HVSl 
with data taken from the WIYN 3.5 m telescope. For convenience 
the photometry was rescaled to have a mean of zero. This is g- 
band vs. HJD-2,450,000. Bottom: as a function of period 
(days). The best-fit model gives P = 0.72738 ± 0.00767 days. 

HVSl 



0.06 




0.5 1 1.5 2 

Phase 

Fig. 3. — Relative photometry of HVSl as a function of phase 
angle. The light curve is folded according to the best-fit model 
with P = 0.72738 days. 

WIYN data folded about our best fit period. Further 
observations our necessary to help determine the nature 
of HVS5. 

3.4. HVS7 

HVS7 is our best constrained target. Our f -test gave 
a probability of 0.016 which has significance at the 2.5- 
sigma level. We find a best fit period P = 1.05261 ± 
0.00194 days, with a strong alias at P = 0.521 days. Our 
best fit amplitude is A = 0.02812 ±0.00056 mag. Our 



Fig. 4. — Results for HVS4. Top: relative photometry of HVS4 
with data taken from the WIYN 3.5 m telescope. For convenience 
the photometry was rescaled to have a mean of zero. This is g- 
band vs. HJD-2,450,000. Bottom: ^ function of period 

(days). The best-fit model gives P = 0.18212 ± 0.00057 but we 
have aliases up to P ^ 2 days. 



HVS4 

0.015 I 1 1 




-0.015 I ' ' ' 1 

0.5 1 1.5 2 

Phase 

Fig. 5. — Relative photometry of HVS4 as a function of phase 
angle. The light curve is folded according to the best-fit model 
with P = 0.18212 days. 

Xmin = 90.2 for 5 degrees of freedom. Figure [8] shows 
our relative photometry for HVS7 and our periodogram. 
Figure O shows our best fit model with our WIYN data 
folded about our best fit period. The data from the Hilt- 
ner telescope are shown for completeness. 

3.5. HVS13 

HVS13 had the least amount of exposures, however our 
i^-test gave a probability of 0.0283 which is significant to 
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Fig. 6.— Results for HVS5. Top: relative photometry of HVSS 
with data taken from the WIYN 3.5 m (on the right) and the Hilt- 
ner 2.4 m telescope (on the left). For convenience the photometry 
was rescaled to have a mean of zero. This is 3-band vs. HJD- 
2,450,000. Bottom; a-s a function of period (days). The best-fit 
model gives P = 0.53362 ± 0.00666. 



Fig. 8.— Results for HVS7. Top: relative photometry of HVS7 
with data taken from the WIYN 3.5 m (on the right) and the Hilt- 
ner 2.4 m telescope (on the left). For convenience the photometry 
was rescaled to have a mean of zero. This is g-band vs. HJD- 
2,450,000. Bottom: ^ function of period (days). The best-fit 

model gives P = 1.05261 ± 0.00194 days. 
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Fig. 7. — Relative photometry of HVS5 as a function of phase 
angle. The light curve is folded according to the best-fit model 
with P = 0.53362 days. 

two-sigma. Our Xmin ^ 2.71 for 4 degrees of freedom, 
which is the best value for all five targets. We find the 
best fit period to be P = 0.38693 ± 0.00402 days, with 
the strongest aliases at P = 2.000 and 0.667 days. The 
best fit amplitude is A = 0.02318 ±0.00369 mag. Figure 
[TOl shows our relative photometry for HVS13 and our 



Phase 

Fig. 9. — Relative photometry of HVS7 as a function of phase 
angle. The light curve is folded according to the best-fit model 
with P = 1.05261 days. 

periodogram. Figure [11] shows our best fit model with 
our WIYN data folded about our best fit period. 

4. SUMMARY AND CONCLUSION 

We have taken time-series photometry of 11 HVSs (see 
Table [U and determined that HVSl, HVS4, HVS7, and 
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TABLE 2 

Summary of Results for. each SPB Candidate 



Star 


RA 


DEC 


Ms 


NOAO 


MDM 


Period (days) 


Amplitude (mag) 




P(F-test) 


HVSl 


9:07:44.993 


2:45:06.88 


19.687 


12 


6 


0.72738±0.00767 


0.02878±0.00156 


45.5 


0.0825 


HVS4 


9:13:01.011 


30:51:19.83 


18.314 


10 


6 


0.18212±0.00057 


0.00672±0.00064 


12.5 


0.0463 


HVS5 


9:17:59.475 


67:22:38.35 


17.557 


12 


13 


0.53362±0.00666 


0.00538±0.00031 


39.0 


0.1225 


HVS7 


11:33:12.123 


1:08:24.87 


17.637 


8 


12 


1.05261±0.00194 


0.02812±0.00056 


90.2 


0.0160 


HVS13 


10:52:48.306 


-0:01:33.940 


20.018 


7 


6 


0.38693±0.00402 


0.02318±0.00369 


2.71 


0.0283 



Note. — The leftmost column is the name of the HVS. The next two columns arc the right ascension (RA) and declination 
(DEC) respectively, and following is the absolute magnitude (M). Next is the number of images taken with the WIYN 3.5 m 
telescope (NOAO) and the Hiltner 2.4 m telescope (MDM) respectively. The best fit period is given, followed by the amplitude, 
and x^- The rightmost column is the value from the F-test. 
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Fig. 10. — Results for HVS13. Top: relative photometry of 
HVS13 with data taken from the WIYN 3.5 m telescope. For con- 
venience the photometry was rcscaled to have a mean of zero. This 
is g-band vs. HJD-2,450,000. Bottom: ^ function of period 

(days). The best-fit model gives P = 0.38693 ± 0.00402 days. 

HVS 13 show degrees of variability with best fit peri- 
ods ~ 0.2 - 1.0 days and amphtudes ~ 0.006 - 0.03 
mag. SPBs have observed periods between 0.5 — 4 
days which is consistent with our best fit periods. The 
variability of the target HVSs are a few millimagni- 
tudes which again is consistent for SPBs. SPBs have 
masses ^3 — 7 Mf^, and a number of confirmed 
SPBs fsee lDe Cat k Aertj [2002) have mass - 3Mq and 
Te// 12, 000 K which agrees with the spectroscopically 
derived mas ses and temperature s of HVSl, HVS5, HVS7, 
and HVSS (|Brown et al.ll2012af ). Our i^-test shows that 
HVSl is suspect, with only a 1.6-sigma detection. HVS4 
and HVS13 both have a two-sigma detection, and HVS7 
is detected at the 2.5-sigma level. HVSS was constrained 
at only the 1.2-sigma level, and thus can not be consid- 



HVS13 
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<1 




Phase 



Fig. 11. — Relative photometry of HVS13 as a function of phase 
angle. The light curve is folded according to the best-fit model 
with P = 0.38693 days. 

ered a detection, however it warrants further investiga- 
tion. 

Within 200 pc of the GC are regions domi- 
nated by massive W ol f-Rayet and OB supergiants 
(|Mauerhan et all 120101: iDong et al.l I2012D . However, 
at the innermost 0.05 pc the S-star s, young B-stars 
with mass es ^ 7 - 15 Mf^ dominate (Ghez et al.' 120031: 
[Gillcsscn e Fall l2009b[ ). [Ginsburg & Locb (2006) sug- 
gested that the unexpected appe arance of young stars 
around Sgr A* (IGhez et al.l 120031 ) can be explained at 
least in part by Hill's mechanism where a binary star 
is disrupted by the MBH resulting in the production 
of a HVS of one component, while the other star falls 
into a highly eccentric orbit around Sgr A*. Defining 
"arrival time" as the time between its formation and 
ejection (|Brown et al.ll2012a[ ). we find that Hill's mech- 
anism provides an arr ival time of tarr ~ 0.1 — 1 Gyr 
(|Merritt fc Poonll2004[ ) which is consistent with the ex- 
pected lifetime of a MS B star of ~ 3 Mq . Furthermore, 
this scen ario is supported by the results of A^-bo dy sin i- 
ulations (jGinsburg & Loeb" 2007"; lAntonini et"all 12010'). 
Recently, iBartko et al. (2010) found an isotropic distri- 
bution of B stars extending from the central arcsecond 
from Sgr A* to 12". We identified four of 11 targets as as 
likely MS B stars. The fact that a significant percentage 
of our targets appear to be MS B stars helps support the 
case for an extended B star distribution. 

To date, only five of the known HVSs have been studied 
with high-resolution spectroscopy. HVS2 (|Hirsch et al.l 
I2005D is believed to be a subluminous O star, while 
the other four are MS B stars. HVSl is the only HVS 
that has been observed with time-series photometry be- 
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loilT.„ 

Fig. 12.— Adapted from lDegroote et al.l II2009I '|. The theoretical 
instability domains of I = 0,1,2 modes are represented in a log 
Tgff versus log P diagram. The regions are as follows: a = 
Cep, b = SPB, c = <5 Set, and d = ■y Dor-type. These regions 
assume a metallicity Z = 0.01, however results vary little for higher 
metallicity. Our results fall in the narrow black strip as shown. We 
assume a T^ff ~ 12,000 K. 

fore our observations, and our results agree with FOG 
that HVSl is a SPB. However, FOG derived a period of 
P 0.35 days while our most significant period alias 
is twice this value. HVS5 was recently observe d with 
Keck HIRES spectroscopy (jBrown et al.l l2Q12aD which 
establishes it to be a MS B star, however our pho- 
tometric data is ambiguous whether HVS5 may be a 
SPB star. Further observations will be necessary in or- 
der to confirm the nature of HVS5. HVS7 and HVSS 
(|L6pez-Morales fc Bonano j 12008 ) are both believed to 
be MS B stars. Our results for HVS7 show it to be a 
SPB with P ~ 1.0 days. We did not detect a variability 
for HVSS. However, we can not rule out the possibil- 
ity that it is a SPB with P > 3 days. The only other 
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HVS with a detected variability was HVS13 with a pe- 
riod between P ~ 0.4 — 2 days, suggesting it is a SPB. 
Without further observations, the remaining HVSs are 
either: SPBs with P > 3 days, SPBs with amplitudes be- 
low 0.01 mag, MS B s tars but n on-SPBs, or BHB stars. 
Figure fT2l from Degroot e et"an [2009 summarizes our re- 
sults in the context of the instability domain. The a;-axis 
gives the period in days, and the y-axis denotes log of 
Tg//. Region a shows the location of /? Cephei stars, 
which are early-type B stars (B0-B2.5) with variability 
of several hours (Stankov & Handler 2005). S Scuti stars, 
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further observations may support or modify the current 
paradigm. 
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